Context. Giant galactic H ii regions surrounding central young clusters show compressed molecular shells, which have broken up into clumps, filaments, and elephant trunks interacting with UV light from central OB stars. Tiny, dense clumps of sub-solar mass, called globulettes, form in this environment. Aims. We observe and explore the nature and origin of the infrared emission and extinction in such cool, dusty shell features and globulettes in one such H ii region, the Rosette Nebula, and search for associated newborn stars. Methods. We imaged the northwestern quadrant of the Rosette Nebula in the near-infrared (NIR) through wide-band JHKs filters and narrow-band H 2 1-0 S(1) and Pβ plus continuum filters using SOFI at the New Technology Telescope (NTT) at ESO. NIR images were used to study the surface brightness of the globulettes and associated bright rims. NIR JHKs photometry was used to create a visual extinction map and to search for objects with NIR excess emission. In addition, archival images from Spitzer IRAC and MIPS 24 µm and Herschel PACS observations, covering several bands in the mid-infrared (MIR) and far-infrared (FIR), were used to further analyze the stellar population, to examine the structure of the trunks and other shell structures and to study this Rosette Nebula photon-dominated region in more detail. Results. The globulettes and elephant trunks have bright rims in the Ks band, which are unresolved in our images, on the sides facing the central cluster. Analysis of 21 globulettes where surface brightness in the H 2 1-0 S(1) line at 2.12 µm is detected shows that approximately a third of the surface brightness observed in the Ks filter is due to this line: the observed average of the H 2 /Ks surface brightness is 0.26±0.02 in the globulettes cores and 0.30±0.01 in the rims. The estimated H 2 1-0 S(1) surface brightness of the rims is ∼ 3-8×10 −8 Wm −2 sr −1 µm −1 . The ratio of the surface brightnesses support fluorescence instead of shocks as the H 2 excitation mechanism. The globulettes have number densities of n(H 2 ) ∼ 10 −4 cm −3 or higher. Masses of individual globulettes were estimated and compared to the results from previous optical and radio molecular line surveys. We confirm that the larger globulettes contain very dense cores, that the density is high also farther out from the core, and that their mass is sub-solar. Two NIR protostellar objects were found in an elephant trunk and one in the most massive globulette in our study.
Introduction
Massive newborn stars in giant molecular clouds ignite and ionize the surrounding molecular gas through the interaction between stellar winds and radiation. This causes the plasma to expand. The surrounding molecular gas is compressed into a shell, which accelerates outwards and breaks up into a network of filaments, clumps and pillars. The latter, so-called elephant trunks, point toward the central cluster. A photon-dominated region (PDR) forms along the shell (e.g. Hollenbach & Tielens 1997) . In optical images of such H ii regions the shell features appear as dark silhouettes against the bright nebular background with bright rims facing the central stars. Star formation may proceed in the shell and trunks.
The present study is devoted to the Rosette Nebula, a wellstudied H ii region (e.g. , and referBased on observations done at the European Southern Observatory, La Silla, Chile (ESO programmes 084.C-0299 and 088.C-0630).
Appendix A is only available in electronic form at http://www.aanda.org. Tables 4 and 5 are only available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via (URL here). ences therein). The northwestern (NW) part of the Rosette Nebula is rich in filaments and trunks connected to the shell, which was noted early from optical images (Minkowski 1949) . The shell moves away from the central OB stars at velocities of more than 20 km s −1 as concluded from surveys of associated radio molecular line emission (Schneps et al. 1980; Gahm et al. 2006; Dent et al. 2009 ). Any star formed in this environment will be ejected into interstellar space. Herbig (1974) drew the attention to some teardrop-shaped cloudlets in this region and suggested that they once detached from the shell. González-Alfonso & Cernicharo (1994) first observed the small cloudlets in CO and CS and derived H 2 number densities of ∼ 10 3 − 10 4 cm −3 . A survey, based on Hα images, of such objects in the Rosette Nebula was conducted by Gahm et al. (2007) (hereafter called G07). The cloudlets are round or slightly elongated and appear as dark patches in Hα. Larger objects may have bright Hα rims on the side facing the central cluster, and some have distinct head-tail or teardrop shaped structures with the tail pointing away from the cluster (G07). This type of tiny clouds forms a class of its own, and was given the name globulettes in G07 to distinguish them from proplyds and the much larger globules spread in interstellar space.
Article number, page 1 of 24 arXiv:1405.5778v1 [astro-ph.GA] 22 May 2014 A&A proofs: manuscript no. astroph_RNglobulettes Some globulettes are connected by thin dusty threads to shell features, but the majority are quite isolated. It was found that the globulette size distribution peaks at ∼ 2.5 kAU, but that most have radii <10 kAU. Masses were derived from extinction measures indicating that most globulettes have masses < 13 M Jup (Jupiter masses), which currently is taken to be the domain of planetary-mass objects. Objects more massive than 100 M Jup are rare. Besides the Rosette Nebula, globulettes are seen in various H ii regions (G07, and references therein).
A follow-up study of molecular line emission, mainly in the three lowest rotational transitions of CO, of some larger globulettes listed in G07 was made by Gahm et al. (2013) (hereafter called G13). It was inferred that such globulettes contain denser cores, and that the gas is molecular and dense also close to the globulettes surface. Masses were derived from the gas content and found similar to those derived in G07 based on the dust content. The possibility that some globulettes may be gravitationally unstable and form brown dwarfs or planetary-mass objects were explored in G07 and G13, which should be consulted for more details about the properties of globulettes.
The FUV radiation from the central OB cluster interacts with the dense H 2 -rich matter of the shell and forms a PDR. Absorption of the FUV radiation by the gas and dust in this region produces strong far-infrared (FIR) and near-infrared (NIR) atomic and molecular emission lines, polycyclic aromatic hydrocarbon emission features, and thermal IR dust continuum. (Hollenbach & Tielens 1997 ). Shock and fluorescent excited H 2 NIR rovibrational lines have been observed in PDRs. Fluorescent H 2 emission was first detected in the reflection nebula NGC 2023 by Gatley et al. (1987) . It has been also observed in e.g. other reflection nebulae (Martini et al. 1999) , planetary nebulae (Dinerstein et al. 1988) , and H ii regions such as M16 (Allen et al. 1999) . Observational evidence that favors fluorescence over shock excitation includes narrow H 2 line widths (Burton et al. 1990 ), a H 2 1-0 S(1)/2-1 S(1) ratio of ∼ 1.5-2.0 (Black & van Dishoeck 1987) , and transitions from higher excited states (ν ∼ 7 − 8) (Burton et al. 1992) .
The investigation in G13 focused on molecular line observations of 16 selected massive globulettes. Some of the NIR observations discussed in the present paper were included in that context. They were used to justify the proposed physical model for the globulettes and to get an independent estimate of their mass. The detection of bright rims facing the Rosette Nebula central cluster in the SOFI broad filter images and also in particular in the narrow filter covering the H 2 1-0 (S1) 2.12 µm line was discussed in G13 and fluorescence was suggested as the H 2 excitation mechanism.
In the present paper we add another field and include observations made in additional filters to the dataset. We will evaluate these observations in more detail and with information from a larger area, supplemented with Spitzer NIR and mid-infrared (MIR) and Herschel FIR data. We list the NIR properties of all the individual globulettes in our images and examine the H 2 2.12 µm surface brightness in some of these. We map the large-scale structure and extinction of the dense part of the NW dust shell and trunks in the Rosette Nebula and derive independent masses and densities of globulettes from NIR extinction measures. We also examine the distribution of H 2 emission in the area and evaluate whether the bright rims are caused by shocks or fluorescence. Finally, we search for star formation taking place in the observed region.
Observations and data reduction are described in Sect. 2. The results are presented in Sect. 3 and discussed further in Sect. 4
together with results collected with the space-born telescopes. As in G07, we will use 1400 pc as the distance to Rosette Nebula.
Observations and data reduction

NIR Imaging
The Son of Isaac (SOFI) NIR instrument on the New Technology Telescope (NTT) at the La Silla Observatory, Chile was used to observe the NW area of the Rosette Nebula. This area was previously imaged in narrow-band Hα at the Nordic Optical Telescope (NOT) for an examination of cool shell structures (Carlqvist et al. 2003) and globulettes (G07). Five SOFI fields were imaged, and they will be referred according to the Hα observations in G07 as F(ield)7, F8, F14, F15, and F19, going from west to east. First four fields overlap at the edges. Field 14 was not included in G13. Observations were done in on-off mode in broad J, H, and Ks filters to conserve the surface brightness of the globulettes, and in jitter mode in the narrow-band NB 2.124 H 2 1-0 S(1) at 2.12 µm and the adjacent continuum NB 2.090 µm filters. The SOFI field of view is 4 .9 × 4 .9 with a pixel size of 0 . 288. The observations were carried out in Dec. 2009 and Jan. 2010. Three OFF fields outside the Rosette Nebula were observed for sky estimates. One OFF field was selected as a reference field for the photometry. Jittered JsHKs observations of fields roughly corresponding to F8 and F19 were done in Feb. 2007, and jittered NB 2.167 Brγ observations at 2.17 µm of F14 in Jan 2010. SOFI jittered images of all five fields were collected in the NB 1.282 Pβ filter at 1.28 µm in 2012. Field 15 was also observed in the NB 1.257 filter at 1.26 µm which covers the continuum adjacent to the Pβ line.
The on-off observations were done in observation blocks (OBs) of a format OFF1-ON1-OFF2-ON2, acquiring 13 frames of one-minute integration (six ten-second subintegrations) of both ON fields in a single OB.
The jittered observations were done in standard jittering mode with a jitter box width of 30 (40 in Js/F19). Jittering enhances the brightness gradients in the image but does not affect stars and galaxies. It also smears out any surface brightness features larger than the jitter box width. The total integration time obtained in different filters is listed in Table 1 . The NB 2.090 continuum filter is narrower than the NB 2.124 H 2 1-0 S(1) filter, and hence longer integration times were used to achieve similar S/N level.
Standard stars from the faint NIR standard catalog by Persson et al. (1998) were observed before and after each broad-band block. The seeing ranged from 0 . 7 to 1 . 0 during the observations.
Data reduction
For the data reduction, IRAF 1 and the external package XDIM-SUM were used. The ESO SOFI website provides flat field, bad pixel, and illumination correction files that were used. Both ON and OFF frames went through crosstalk removal, bad pixel masking, cosmic ray removal, and stellar object masking. Then the OFF sky from four temporally closest frames was removed from the ON frames, the flat fields and illumination corrections Table 1 . A summary of the observations. The fields are referred to with their designations. The coordinates are in J2000.0. The columns list the total ON-integration time in the filter in minutes. The final column lists observations in other filters and the total integration time in that filter. 7 20 20 20  ------- were applied, and the ON frames were coadded. The jittered observations were reduced in the same manner as the on-off observations except for the sky removal step where two neighboring ON fields were used to estimate the sky brightness instead of separate OFF fields. Zero-points were derived for each broadband observation block from the standard star observations. Jittering in the on-off observations was done after every OFF1-ON1-OFF2-ON2 cycle, but not inside the cycle. This causes negative, star-like artifacts in the co-added image especially in the ON1 frames (which here are F8 and F15). In some J images a wide dark lane runs through the middle of the coadded frame. This is because there are differences in the sky background levels because of air mass changes in the ON and OFF fields due to the large distance between them. This causes an incomplete flat fielding.
Source Extractor v. 2.5.0 (Bertin & Arnouts 1996) was used to extract the JHKs magnitudes and their formal error for all the objects in the observed fields. The detections from each band were matched and a photometry catalog was created. Objects that were detected in all bands and had positive fluxes were listed in the initial photometry catalog. The magnitudes were transformed from SOFI instrumental magnitudes into the Persson photometric system and then into the 2MASS system as described in Ascenso et al. (2007) .
The final catalog was compiled using the steps described in with the difference that objects less than 30 pixels from the frame edges and objects with stellar index less than 0.9 in more than one band were removed.
The consistency of the SOFI photometry in adjacent fields was checked using the stars in the overlapping regions. The separate SOFI catalogs of each field were then combined to make one catalog. The magnitudes of the stars in the overlapping regions were averaged. The combined ON catalog has 1777 objects and the chosen OFF field catalog has 389 objects. The limiting magnitudes for a formal 0. In F19 the jittered JsHKs data was also combined with the on-off data by scaling the on-off frames to the level of the jittered observations. The JsHKs photometry catalog based on the combined coadded frames increases the limiting magnitudes in F19 by 0. m 5 when compared to the on-off observations, but the area where the jittered and on-off observations overlap is smaller than just the on-off area, leading to a smaller number of objects in the catalog (302 vs. 345 objects) for this field.
2.3. Archive data 2.3.1. Spitzer Spitzer S18.18 pipeline processed mosaic images of the SOFI fields discussed in this paper were retrieved from the Spitzer Heritage Archive. They were imaged with the IRAC instrument at 3.6, 4.5, 5.8, and 8.0 µm (channels 1, 2, 3, and 4, respectively) and with the MIPS instrument at 24 µm but the latter does not include F7. The FWHM in the IRAC images is 1.7-2.0 (Fazio et al. 2004 ) and 6 at 24 µm. These resolutions are too low to detect the smallest globulettes. The 5.8 and 8.0 µm band images produced by the S18.18 pipeline need to be multiplied with correction factors 0.968 and 0.973, respectively, due to a calibration error 2 . Aperture photometry was performed for selected targets using the MOPEX 3 software. The ON aperture radius was chosen as 3.6 , and the OFF flux was measured in an annulus with radii 3.6 and 8.4 . The fluxes in each band were multiplied by the appropriate aperture corrections and the ON-OFF flux was transformed into magnitudes using the IRAC zeropoint magnitudes. The values for these were taken from the IRAC Instrument Handbook 4 . The mosaics have a typical error of ∼10% in the flux 5 .
Herschel
Herschel observed the center of the Rosette Nebula and its northern part in the parallel PACS/SPIRE mode (PI. S. Molinari, PID: OT1_smolinar_5). Because of the pointing separation of the PACS and SPIRE instruments on the sky, the northern part is covered only by the PACS 70 and 160 µm bands. These PACS pipeline level 2.5 MADmap processed images were retrieved from the Herschel archive.
Results
JHKs Imaging
A false-color JHKs image of fields 7, 8, 14, and 15 is shown in Fig. 1 . Globulettes with sharp edges facing the center of the RN 31, 35, 44, 88, 94, 95, 114, 122, 129) are seen in absorption against the bright background emission in J, indicating that these objects are very dense. The designations and locations of the globulettes can be found in G07. In Fig. 2 we have marked a few objects that are discussed more in detail in the paper. Comparing the J and Ks images with the NOT Hα images (G07) shows that the apparent size in most of the globulettes is similar throughout all these wavelengths.
Jittering vs. on-off
The on-off observation mode was chosen to detect extended NIR surface brightness in the Rosette Nebula. Contrary to the more commonly used jittering observing mode, the on-off mode preserves such a surface brightness. This can be verified by comparing the jittered F8 JsHKs image and the on-off measurements shown in Fig. A .3, left and right panels, respectively. The surface brightness covering the upper part of the on-off image is absent in the jittered image as structures larger than the jittering width (30 ), such as the continuous dust shell, are smeared out by the jittering process as the background is estimated using the observed field itself instead of a separate off field. However, jittering increases the contrast of the brightness gradients and brings out the bright globulette rims better than the on-off image. The jittered observing mode is more efficient and the obtained signalto-noise is better than that of the on-off observations when equal telescope times are used. These effects combined improve the chance to detect the globulettes and the bright rims. For example the blue-green wisp between the Wrench and the F8 shell in Fig. 1 is seen better in the jittered images. Even if the differential surface brightness is preserved in the on-off images, the absolute surface brightness level is lost in the data reduction process. 
NB 2.124 H 2 S(1) and NB 2.090 imaging
The NB 2.124 H 2 S(1)-NB 2.090 difference image of the four overlapping fields is shown in Figure 3 . The original NB 2.124 H 2 S(1) and NB 2.090 images are shown in Figs. A.4 and A.5, respectively. Because the observations are jittered, the gradients are enhanced and the possible extended surface brightness is smeared out. The features in the NB 2.124 H 2 S(1) image are very similar to those in the Ks band image. In Fig. 3 the elephant trunks and about 70% of the globulettes have a bright rim. These rims face the Rosette Nebula central cluster of stars and are unresolved in the images. Some globulettes without a bright rim are seen through their surface brightness. The stellar diffraction spikes rotate during observations because NTT is an altazimuth telescope and the seeing also varies between the line and continuum observations. These cause an incomplete subtraction of bright stars in the difference images. Examples of striking rims are in RN 35, 39, 40, 93, 95 , and in the Wrench and the Claw. RN 78 and 94 show an H 2 2.12 µm halo. The H 2 2.12 µm surface brightness in the cores of the smallest globulettes is difficult to separate from the rim brightness in cases where the globulette is so tiny that the bright rim covers the entire globulette (e.g. RN 123, 124, 130) . Table 2 lists all the globulettes of G07 that are located in our NIR frames and their visually determined characteristics. Column 1 lists the globulette number and columns 2 and 3 indicate if the globulette has a bright rim or surface brightness seen in the NB 2.124 H 2 S(1) image. The last two items on the list refer to the eastern jaws of the Wrench and the Claw.
No signs of the globulettes or the elephant trunks are seen in the NB 2.090 continuum image ( is not due to scattered light but comprised of H 2 1-0 S(1) line emission. The only surface brightness structure seen in the NB 2.090 image is a very faint patch of scattered light around the star in the cove between the jaws of the Wrench (hereafter called "the Cove"). of the globulettes or trunks are seen. The continuum-subtracted Pβ image is shown in Fig. 6 , and we suggest that the Pβ line emission causes the high background surface brightness seen in the J and Pβ images.
Column 4 of Table 2 indicates whether the globulette is detected in the NB 1.282 Pβ image. Of the 84 inspected globulettes and elephant trunks, 14 appear clearly dark in the image. In the objects seen in absorption in Pβ, the absorption is strongest on the side that faces the central cluster. This is evident especially in the shells. The clearest example of absorption is seen in the Claw in F15. Besides the Wrench and the Claw, also the globulettes in the String west of the Claw (RN 91, 93, 94 and 95) and especially the small globulette RN 88 are seen in absorption. The other globulettes that are seen as dark structures include RN 31, 35, 40, and the small RN 44, and globulettes RN 114, 122, and 129 in F19.
Positive Pβ surface brightness is seen in a wispy filament west of the Wrench in Fig. 6 at around 6:31:26, 5:09:00, and in a wider, N-S-directed filament east of RN 129 at R.A. of about 6:32:27 in F19. As these positions coincide with bright regions in the Hα images in G07, we interpret that these features are due to Pβ emission in the background. Faint limb brightening is seen around the Claw and the western tip of the Wrench. The eastern tip of the Wrench has a faint but thin rim similar to the bright rims seen in H 2 . Indication of surface brightness is seen also in the direction of the small-sized globulettes RN 78, 80, and 84 south of the Wrench.
The globulettes where absorption in Pβ is detected, have radii larger than the globulette mean value of 2.5 kAU (G07) and masses > 11 M Jup which is higher than the typical globulette mass obtained in G07. The globulettes showing Pβ surface brightness are all smaller than the mean radius. The globulettes that are seen only through surface brightness comprise half of the Rosette Nebula globulettes where G07 detected bright rims in Hα in the SOFI fields. Absorption in the NB 1.282 Pβ image is also seen in the large shells, especially in F7 and F8, and stars in these areas appear very reddened. The absorption appears strongest just behind the H 2 -bright rims. An exception to this is in the dust shell in F7 where a maximum in the Pβ absorption is seen farther away from the edge of the shell at 6:31:07.6, 5:07:36. The Wrench has Pβ absorption throughout it, even in the "Handle" of the Wrench which appears as more diffuse in the JHKs images.
The NB 2.167 Brγ image of F14 is shown in Fig. A.7 . It has little signs of the elephant trunks or globulettes. Only faint surface brightness is seen along the H 2 -bright rim in the tip of the western jaw of the Wrench and also around the star in the Cove.
Stellar JHKs photometry
In order to study the large-scale extinction (see Sect. 4.1), each imaged SOFI field was divided into two areas, one covering major shell features and one covering surrounding regions (background areas). The globulettes were treated individually. The Table 2 . Globulette appearances in the NB 2.124 H 2 S(1) and NB 1.282 Pβ images. RN is the globulette number from G07. The last two items refer to the eastern jaws of the Wrench and the Claw. H 2 -rim indicates whether the globulette has a bright rim in the H 2 2.12 µm image. An H in this column indicates halo, a bright rim encircling the entire globulette. H 2 -SB describes the globulette surface brightness at H 2 2.12 µm and Pβ describes whether the globulette is seen in absorption at Pβ (symbols: (very) Faint/Visible/Bright/Dark/SB positive surface brightness). The last column gives number of stars visible in NIR behind the globulette.
Notes. circles mark the observed stars, and boxes mark stars in the direction of globulettes. Asterisk is used for stars detected only in the H and Ks bands (see Sect. 4.1.1 for details). The thick lines mark the main and giant sequences defined by Bessell & Brett (1988) (hereafter BB88) and the dashed lines show the reddening lines according to BB88. Reddened stars without IR excess lie between the reddening lines. In the shell region most of the observed stars are reddened. The background region displays little reddening and the stars mostly follow the main sequence. High reddening is observed in stars which most probably are behind the globulettes. Some of the highest A V stars in F14 are marked in Fig. 7 . The highest A V is detected in the base of the eastern jaw of the Wrench where other reddened stars are also seen. The high-A V stars in the western jaw are marked in the diagram and studied further in Sect. 4.1.1. The highest reddening detected in the shell J−H, H−Ks diagrams corresponds to almost 17 m and it is located in the direction of the densest Pβ core in F7.
Even though the majority of the objects plotted in Fig. 7 and Figs. A.8-A.11 lie close to the unreddened main sequence or near and between the reddening lines, a large number of objects are seen farther out to the left or right of the reddening lines. The selection rules applied to the stellar catalog (Sect. 2.2) already removed most of such deviating objects but some still remain. The nature of such outliers has been discussed in detail in Foster et al. (2008) . They conclude that besides genuine NIR excess stars the outliers can be produced by evolved stars, brown dwarfs, binaries, quasars, AGNs and redshifted (z=0.1-0.5) galaxies. The Rosette Nebula is located in the Galactic anticenter where the interstellar extinction in the field is moderate and therefore contamination by extragalactic sources is not unlikely. The bright nearby galaxies can be spatially resolved as extended sources but not necessarily the distant faint ones.
Most of the objects located below the lower reddening line have m K s > 18 m and they are not seen at all in the Spitzer IRAC images or are detected only as faint objects in the IRAC 3.6 and/or 4.5 µm band. Only one of the objects is seen in the 8.0 µm image. Because they are faint in IRAC, we cannot compute their IRAC colors and confirm whether they have IR excess or suffer from NIR measurement errors. Regardless of being real objects or extreme measurement errors the reddenings derived from these outliers are meaningless and will not be considered in the following.
Globulette JHKs and H 2 surface brightness
We selected globulettes and trunks with distinct bright rims and some with large, denser cores to study their H 2 2.12 µm surface brightness.The desired surface brightness values were derived from each of the J, H, Ks, and H 2 filter images in the same manner. We computed the surface brightness in detector counts from the mean pixel value of the core/rim, and subtracted a mean pixel value of an empty nearby background. This value is converted into (2MASS) magnitudes per square arcsecond. This is used to obtain the surface brightness in S10 units (1 S10 is defined as 27.78 mag/square arcsec) which is transferred to W m −2 sr −1 µm −1 using Table 2 of Leinert et al. (1998) . To get the globulette rim and core magnitudes in the J, H, and Ks filters to the 2MASS system, a scaling factor was derived for each SOFI JHKs field and filter using the instrumental stellar fluxes and their 2MASS magnitudes. The fields were then scaled before extracting the pixel values from the rims and cores, and no further zero-point correction or 2MASS transformation formulae are thus needed. The absolute values of the scaling factors range from 0.74 to 1.44 in JHKs. Because they were derived using the 2MASS magnitudes, the errors and rms are very small (<10 −2 ). For the NB 2.124 H 2 S(1) images the conversion into the 2MASS system was done as follows. The images were scaled to the Ks images, which were already in the 2MASS system, using common unreddened field stars. The scaling factor values are ∼4.6 which includes a factor of three from the H 2 /Ks integration time ratio. The errors in different fields range from 0.02 to 0.04 with a typical rms of 0.1. After this the Ks and NB 2.124 H 2 S(1) images give the same counts for stars, which is not physically possible. The NB 2.124 H 2 S(1) images were then scaled by multiplying them by the ratio T(NB 2.124)/T(Ks) where T is the transmission integrated over the filter. The wavelengthdependent SOFI filter transmission curves are available at ESO's website 6 . Tables 3 and 4 list the obtained JHKs and H 2 2.12 µm surface brightnesses in the cores and rims of several globulettes, respectively. RN 39 has a dark artifact in the core in the Ks image, so the measured surface brightness value is not reliable. The mean H 2 /Ks surface brightness ratio for the globulette cores in Table 3 is 0.26±0.02 with an rms of 0.09. For the rims in Table 4 these values are 0.30±0.01 and 0.07. No positive surface brightness is detected in the Js band images in the cores of those globulettes that are seen in absorption in the NB 1.282 Pβ image.
The narrow-band NB 2.124 H 2 S(1) images were obtained in jittering mode which smears the background toward zero level. Therefore the surface brightness computed from the jittered images is a differential value and gives a lower limit for the H 2 2.12 µm surface brightness. The measured core surface brightness in the H 2 2.12 µm line becomes unreliable in the largest globulette RN 129 where the globulette size is approximated with an ellipse with semi-axes of 26 and 9.4 (G07). The semimajor axis approaches the jitterbox width (30 ), and the core of the globulette goes darker due to the contrast effect of the data reduction process. However, the computed rim brightnesses of the on-off and jittering images do not differ significantly.
The result shows that the observed H 2 2.12 µm line can only account for 20-45% of the Ks band surface brightness emission in the globulette rims (see column 5 of Tables 3 and 4) . This confirms the results of G13 and the broader survey here does not find any correlation between the globulette location or size and the observed H 2 /Ks surface brightness ratio. The Pβ-dark cores also have no systematic similarities. Because the continuum and Brγ images suggest that the observed emission from the globulettes is line emission, other H 2 lines inside the Ks band should contribute to the observed Ks flux. Also, the bright rims detected in the J and H bands can be explained via these other H 2 lines.
Discussion
In our previous study of the molecular line emission from globulettes (G13), it was concluded that the most massive objects Table 3 . Surface brightness of selected globulette cores. Column 1 lists the globulette ID. Columns 2-5 contain the surface brightness measured in the J, H, Ks, and H 2 2.12 µm bands, respectively. The surface brightness unit is W m −2 sr −1 µm −1 . The last column is the ratio between the H 2 and Ks surface brightnesses. Wrench-E 4.6E-07 3.5E-07 3.3E-07 6.5E-08 0.20 77 1.8E-07 9.2E-08 1.8E-07 5.5E-08 0.31 Wrench-Cove 5.1E-07 3.4E-07 3.9E-07 9.6E-08 0.25 78 3.0E-07 1.8E-07 2.1E-07 6.7E-08 0.31
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Claw-E 2.2E-07 1.7E-07 2.3E-07 6.2E-08 0.22 contain dense cores, but that the density is high also close to the surface of the objects and the gas is molecular all the the way to the surface. As demonstrated in Sect. 3.3, the elephant trunks, shells, and some of the globulettes appear as dark against the nebular background in Pβ and J band images. In the shells the density is high right behind the bright rims and falls with distance from them.
The dense cores are not evident in the Hα images discussed in G07, and below we will explore whether these objects contain more mass than estimated in the optical survey. It should be emphasized that most of the globulettes discussed in this section are more massive than the majority of the Rosette globulettes in (G07) where the masses are typically < 13 M Jup . The less massive objects are transparent in NIR and are detected only through faint surface brightness in the NB 2.124 H 2 S(1) and Ks images. Moreover, the spatial resolution of SOFI is not high enough to enable detailed study of the smallest globulettes.
We will use visual extinction, A V , as a tool to study the largescale structure in the SOFI fields and in individual stars behind globulettes. This will yield information on the density along the line-of-sight. We have also extracted Spitzer MIR data to identify stars in formation and to better constrain the excitation mechanisms for the H 2 2.12 µm emission, and Herschel FIR data to independently study the globulette densities.
Visual extinction
We use the NICER method described in Lombardi & Alves (2001) to produce an A V map of the imaged region. NICER is a convenient method to study the large-scale extinction structure, but it can not be used to study the small-scale structure in positions such as the globulettes where only one or two stars are detected. The approach is statistical and the reliability and spatial resolution depend on the stellar density.
The final combined JHKs photometry catalog contains objects that have been detected in all three bands. The NICER method can however also utilize objects with only H−Ks colors to estimate their A V . For this, we retrieved such objects from the original non-filtered catalogs and used the selection rules to filter out non-stellar objects. Altogether 13 stars remain and their observed SOFI H−Ks colors were transformed into 2MASS using the conversion formulas in Suutarinen et al. (2013) before adding them to the NICER catalog. The catalogs that contain the SOFI JHKs photometry for the ON and the OFF regions are available as Tables 4 and 5 at the CDS.
The Gaussian used for smoothing the data has a FWHM of 26.4 and the pixel size of the NICER A V map is 13.2 . The resolution is limited by the stellar density in the photometry catalog as using a higher resolution will make gaps appear in the map. The empty pixels with no more than two empty neighbors Article number, page 9 of 24 A&A proofs: manuscript no. astroph_RNglobulettes were interpolated using the average value of the neighboring pixels that remain. The BB88 reddening law was assumed. The A V contours are superposed on the false-color NB 2.124 H 2 S(1)-NB 1.282 Pβ image of the four overlapping fields in Fig. 8 . The A V peaks correspond to the areas where the Pβ absorption is the strongest, e.g. the Wrench and the Claw and the dust shell between F7 and F8. Most of the globulettes are not seen as the resolution of the A V map is too low as no stars are detected in their direction. Two globulettes in F7, RN 31 and RN 35, are traced by the A V contours to some degree.
Outside the shells, the typical A V in the map ranges from ∼1 m to 1.5 m . In the shell region, the extinction is typically twice this. The highest A V peaks are 6.3 m in the Wrench and 8.6 m in the dust shell in F7.
Most of the globulettes have sizes on the order of 1 to 10 and about a third of the globulettes screens stars but even then there at the most 2-3 stars behind them (see column 5 of Table  2 ). Larger globulettes have a higher probability to screen background stars, which will skew the resulting mass estimates from this type of study toward higher than typical globulette masses. The A V in the globulettes can be estimated in the traditional manner using the observed NIR colors of individual stars seen in their direction. This method for estimating the extinction in the globulettes does not work for A V higher than ∼15 m because the late main sequence stars at the distance of the Rosette Nebula will fall below the detection limits. Stars first disappear in J, then in H, and finally in Ks when A V increases.
Individual globulettes
The NOT Hα images have been used to identify stars behind the globulettes. If a star is clearly seen in the Hα image it is classified as a foreground star. Stars faint or not detected in Hα have been considered as background stars. The stars well outside the reddening lines of the J−H, H−Ks diagram have been dismissed. The locations of remaining stars have been noted in the J−H, H−Ks diagram and an estimate for the A V has been extracted by measuring the distance between the star and the dwarf star main sequence (we assume that the background stars are not giants due to low observed magnitudes and Rosette's location towards the direction of the Galactic anti-center). In addition, the observed JHKs magnitudes have been used to differentiate between the redder late (M type) main sequence branch and the Table 7 contains the estimated A V for the stars behind the globulettes/trunks. Column 1 lists the globulette ID and column 2 the A V . In RN 35, two stars were observed, one close to the head and one in the more diffuse tail. The last six items in Table 7 refer to the elephant trunks. The naming of the objects in the Wrench (F14) is according to Fig. 7 : F14-west describes the western jaw of the Wrench from the tip to the base and F14-east is located in the base of the eastern jaw of the Wrench. F15-tip refers to a star in the partially imaged trunk tip ∼ 2.5 NE of the Claw. F15-tip has the highest estimated A V . The trunk is seen at the northern edge of Fig. 1 . Column 3 of Table 7 lists the estimated H 2 number density, n(H 2 ). We assumed that the linear line-of-sight size for globulettes is the average of the minor and major axes listed in G07. For trunks, it is equal to the apparent width of the trunk at the position of the star. The Bohlin et al. (1978) relation between the column density of molecular hydrogen, N(H 2 ), and optical extinction, N(H 2 )= 0.94 × 10 21 cm −2 mag −1 , is also used. Column 4 contains the computed globulette mass assuming a constant number density and a mean molecular mass of 2.8 amu per H 2 molecule. The so-estimated masses are similiar to the optically derived masses in G07 only for the two smallest globulettes RN 33 and 54. The estimates for the larger globulettes are factors 7 to 15 times larger than the optically derived masses, which may be related to the fact that the larger objects contain small and very dense cores as shown in Sect. 3.4. It should be pointed out that the numbers derived from the NIR data are based on extinction along only one line-of-sight through the objects and assuming constant density and the sizes listed in G07. The typical number density in the globulettes and trunks is ∼a few×10 4 cm −3 . RN 35 can be used to roughly evaluate the size and mass of the dense NIR core in a globulette. It has a small core seen in absorption in the J band and two background stars detected in NIR. They are 4.5 and 10.5 from the rim, and have visual extinctions 8.4 m and 1.9 m , respectively. In the optical study G07 obtained semi-axes of 7.4 and 5.9 and a mass of 172 M Jup . If a new ellipse is fit by hand to the NIR core that excludes the more diffuse Hα tail, we obtain axes of 6.2 and 3.5 . This el- lipse gives a NIR mass estimate of 578 M Jup for the core, about half the value computed in Table 7 . The J band core that is seen in absorption gives an estimate of 256 M Jup which is about 1.5 times the optical mass. Even after correcting for the size of the densest core, the NIR mass estimate suggests higher masses than the optical estimate.
We can probe the A V distribution in the dense tip of eastern jaw of the Claw using two heavily reddened stars that are not included in the photometry catalog. A star at the core of the tip is not detected in J and is barely visible in the H band, but it has a good signal in Ks. Using the SOFI Ks magnitude, we can estimate the lower limit of the A V . We assume that the star is located between the reddening lines and that its spectral class is roughly M1. Using the BB88 reddening law gives A V ∼10 m at the distance of the Rosette Nebula. Earlier spectral type than M1 would increase the A V . Another reddened star is detected toward the outer edge, 15 NE from the star inside the core. This star is detected at H and Ks and assuming spectral class M1, the A V is 12 m .
Spitzer imaging: dust composition
MIR data allows the study of dust composition and the H 2 2.12 µm excitation mechanism. We discuss these large-scale aspects here and the small-scale phenomena of star formation is discussed in Sect. 4.4. IRAC images of the Wrench and F7 are shown as samples in Figs. 9 and 10, respectively. The surface brightness detected with IRAC traces the H 2 2.12 µm surface brightness in the globulettes, trunks, and other structures throughout the entire NIR-imaged area. Especially the Fig. 10 . Field 7 in the Spitzer IRAC bands. Squareroot scaling has been used. Gray-scale levels are chosen to highlight the structures in the region.
bright H 2 rims are bright also in the IRAC images. We performed aperture photometry on a bright rim in the Wrench and an empty OFF region. We compared the obtained IRAC colors with the shocked H 2 conditions listed in Gutermuth et al. (2008) . The .10, respectively, and we estimate that the H 2 2.12 µm emission in the rims is not coming from shocked H 2 . Taking into account a possible ∼10% error in the fluxes, the resulting colors will still indicate that the emission in the rims is not due to shocked H 2 .
The surface brightness peaks coincide in all IRAC channels. However, the appearance of the 4.5 µm image differs from the other channels. The surface brightness and small-scale structure of the rims and trunks appear more diffuse and fainter than in the other IRAC channels. For example, in Fig. 10 the edge of the dust shell and the globulette RN 35 are faint at 4.5 µm. The faintness of the 4.5 µm features can be explained if a large part of the surface brightness is emission from polycyclic aromatic hydrocarbon (PAH) particles. They have strong emission lines in the IRAC bands other than channel 2 (Flagey et al. 2006 ). However, NIR and MIR emission lines of H 2 also lie within all IRAC filters (Black & van Dishoeck 1987; Smith & Rosen 2005) . Very small grains (VSGs) emit at mid-infrared and are expected to be seen only in the 24 µm image.
Generally, PAH particles are destroyed in H ii regions by the strong UV radiation but they can survive behind dense rims where they trail behind the H 2 rim (e.g. Kassis et al. 2006) . The density in the globulettes is high already at the outer edge (G13), indicating that PAHs should also survive close to the surface. The Spitzer resolution is not sufficient to resolve the H 2 and the PAH emitting rim regions from each other at the distance of the Rosette Nebula, but the IRAC images suggest that the globulettes, trunks and the dust shell do contain PAHs. Because the 4.5 µm filter does not contain strong PAH lines, the features in that image therefore have a lower intensity than in the other IRAC bands.
The 24 µm MIPS image is shown in Fig. 11 . Bright rims and extended surface brightness is seen in the trunks, shell, and globulettes. These bright regions trail behind the NIR-bright rims. The elephant trunks can be seen clearly and especially the Handle of the Wrench is relatively much brighter at 24 µm than in the H 2 2.12 µm image. Fig. 11 has one distinct feature not seen in the IRAC images except for a faint trace in the 4.5 µm image. A large extended bright region crosses the 24 µm image perpen- .12 which satisfy the conditions Gutermuth et al. (2008) gives for shocked H 2 . Including a 10% error in the flux, the conditions are still mostly satisfied, but the [3.6]-[4.5] color will fall below the 1.05 limit (1.02).
Herschel imaging: globulette densities
Observations of the dust emission in FIR provide further insight on the properties of the Rosette dust shell and the globulettes. The PACS 70 and 160 µm bands trace thermal emission from small and large grains, respectively. The Herschel PACS images, which cover all but F7 of the SOFI images are shown colorcoded together with the Spitzer MIPS 24 µm image in Fig. 12 . Gray-scale PACS 70 and 160 µm images are in Figs. A.12 and A.13, respectively. The Rosette Nebula dust shell structure is clearly discernible in the PACS images. The rims are bright but the surface brightness extends deep into the shell and trunks behind the rims. The jaws of the Claw, the Wrench and the shell in F8 are the brightest objects in the region. This is in contrast to the 24 µm image where these features are relatively faint. The trunks of the tailed globulettes RN 40 and 47 in F8 are seen as well as is a faint trace of the String. The notable difference between the PACS 70 and 160 µm images is that the 160 µm surface brightness peaks right behind the 70 µm features. The 160 µm surface brightness features correspond well with the features seen in absorption in Pβ. In particular, the globulettes RN 95, 114, 122, and 129 are seen both in the 70 µm and 160 µm images. The mere detection of these globulettes in the FIR supports the conclusion that some of the globulettes have dense cores. The small-sized globulette RN 88, which also was seen in absorption in Pβ, cannot be seen. This is possibly because of its size which is smaller than the HPBW of the PACS 160 µm image. The elephant trunks also contain denser clumps.
Recent and on-going star formation
The SOFI and the Spitzer archival images of the SOFI regions were searched for signs of recent or on-going star formation. Previous searches for NIR signs of star formation in the Rosette Nebula either did not cover the SOFI fields (Balog et al. 2007; Ybarra et al. 2013) or located no NIR excess objects in the fields . found one star with no J-band detection and with a large H−Ks color that coincides with the eastern tip of the Claw. The Román-Zúñiga et al. (2008) FLAMINGOS study was however not as deep as this SOFI survey.
The Wrench
The surface brightness on the trunk surface in the Cove is seen in all the SOFI NIR images, in the H 2 2.090 continuum image and in the Brγ image. The surface brightness is therefore mostly due to scattered light. The star 2MASS J06313623+0507501 is located just south of the bright rim and is a likely candidate for the origin of the scattered light. This location of the star just off the elephant trunk suggests the star was most likely formed inside the trunk and then exposed due to the UV field evaporating the trunk material. The Spitzer Enhanced Imaging Products (EIP) Source List includes it as SSTSL2 J063136.23+050750.0 and gives it IRAC magnitudes of 12. 16, 12.15, 11.76, and 11.01 for channels 1 to 4, respectively. At 3.6 µm the EIP catalog lists the bandfilled magnitude, indicating the source detected in another wavelength. The resulting colors have been plotted in Fig. 14 along with the typical YSO distributions of Poulton et al. (2008) . The star is located at the edge of the region where the stellar energy distributions (SED) can be modeled with a stellar photosphere. We obtained a spectral class of A2 V for this star from spectrograms taken for us through the SMARTS consortium, Cerro Tololo. This along with the SOFI NIR colors (J−H=0.27, H−Ks=0.17) suggests a visual extinction of ∼2.5 m . A2 stars have a typical mass of ∼2 M and a ZAMS age of about 8 × 10 6 yr.
The Claw
The tip of the eastern jaw of the Claw is an active region with two IR excess objects (Fig. 13, upper panels) . The brighter star is detected on the bright H 2 rim of the jaw in all SOFI and IRAC images. A second, fainter object is visible only in the IRAC images and it lies 3.6 north-northwest of the first toward the core of the jaw. The Spitzer 24 µm image shows an object at the jaw tip, but because of the low spatial resolution this image could trace either one or both of the IR excess objects. The red object in the middle of the core in the SOFI image in Fig. 13 is a highly reddened background star discussed in Sect. 4.1.1. The brighter object on the rim has JHKs colors J−H=2.37 and H−Ks=1.17 in our initial photometry catalog. It was not discovered by G13 because it was not included in the final SOFI photometry catalog. It is listed in the Spitzer EIP catalog as SSTSL2 J063139.53+051122.1. However, the available EIP catalog flux values in the 4.5 and 8.0 µm bands are bandfilled fluxes. With aperture photometry we obtained IRAC magnitudes 13.32, 12.58, 11.34, and 10.288 (Poulton et al. 2008 ) (see Fig. 14) . The colors also satisfy the protostar condition in Gutermuth et al. (2008) , but if the unknown foreground extinction toward the object is sufficiently high (∼ 20 m ), it could be even a Class II source. A 10% error in the fluxes introduces a ±0.2 m error to the colors. We consider the brighter object to be a young stellar object (YSO), possibly of Class I/II, and the IR images confirm that the YSO is located inside the elephant trunk.
We consider the fainter IR excess object also to be a YSO candidate. It does not have any photometric data but in the images it is a faint detection in IRAC band 1 and a clear detection in the longer IRAC wavelengths.
Globulette RN 129
IRAC and SOFI JHKs images of globulette RN 129 are shown in Fig. 13 (lower panels) . The IRAC images show an IR excess object 6.8 north of the bluish star located on the rim. It is seen also in the 24 µm image but not in the JHKs NIR images. The Spitzer GLIMPSE360 Catalog object SSTGLMC G206.1127-01.8542 corresponds to this object. The catalog only provides the magnitude at 4.5 µm (14.36 m ). MOPEX photometry with a 
Fluorescent H 2
We have observed bright H 2 1-0 S(1) line emission at 2.12 µm in the trunks and globulette rims, but based on the IRAC colors, it does not appear to be due to shocked H 2 (see Sect. 4.2). Therefore, an alternative emission mechanism has to be responsible. We suggest that fluorescent H 2 could explain the bright H 2 rims.
Fluorescence takes place as a result of FUV photons from 912 to 1108 Å exciting the H 2 molecules. The molecules then partly decay via fluorescence and are observed in NIR. The probabilities for each transition in the cascade to lower levels can be computed using different models for e.g. cloud n H densities and UV field strengths. The resulting spectrum is very sensitive to these two variables and the (N)IR lines can be used to determine the conditions in the H 2 . Black & van Dishoeck (1987) computed line strengths for fluorescent H 2 emission in several models. The different models show that the H 2 1-0 S(1)/ 2-1 S(1) ratio is fairly constant, ∼1.7-2.
In the globulettes, the H 2 emission is seen close behind the NOT Hα front, indicating that hydrogen is in molecular form just beneath the globulette surface (G13). The H 2 emission comes from a thin skin on the surface of the globulettes. However, in the smaller globulettes the UV photons can penetrate the globulette, depending on its density and the strength of the UV field.
The observed H 2 and Ks fluxes in globulettes (Tables 3 and  4) suggest that about a third of the Ks band flux is due to the H 2 1-0 S(1) 2.12 µm emission. Other lines in the Ks filter are needed to explain the remaining two thirds of the Ks flux. If fluorescence is causing the H 2 emission, then ∼ 20% of the total line emission in the Ks band would be due to the 2-1 S(1) line and about half of the emission would come from other H 2 lines. In the case of thermal emission, the 1-0/total ratio would be higher than in the fluorescent case as the higher emission lines would be weaker (Black & van Dishoeck 1987) .
Comparison with Eagle Nebula and Horsehead Nebula
The Eagle Nebula (M16) contains the well-known elephant trunks imaged e.g. by Hester et al. (1996) . These elephant trunks are exposed to UV emission from a cluster of OB stars which is similar to the situation in the Rosette Nebula. Allen et al. (1999) detected fluorescent H 2 in the PDRs in the heads of the elephant trunks. Surface brightness studies of images in the H 2 1-0 S(1) and H 2 2-1 S(1) lines showed regions of both pure fluorescence and fluorescence boosted by collisional excitation. Their peak line intensities of the H 2 1-0 S(1) line is of the same order as the surface brightness in the Rosette Nebula globulette rims and the line emission traces the surface of the M16 trunks. However, they detected strong Brγ emission which is almost absent in the Rosette Nebula. NIR observations of the elephant trunks by Sugitani et al. (2002) showed that the bulk of the trunks is less dense than the core that shields the trunks from ionizing radiation coming from the central cluster in the Eagle Nebula. Similar morphology is seen in the Rosette Nebula with the dense cores shielding the trunks that form tails behind the cores. The Horsehead Nebula has been observed with Spitzer, and the morphology of the PDR is very similar in all IRAC channels. The 4.5 µm emission in the PDR behaves similarly to the Rosette Nebula globulettes even though the effect is not as distinct in the Horsehead Nebula. Habart et al. (2005) detected a very narrow (5 ) fluorescent H 2 1-0 S(1) filament which is viewed edgeon. At the distance of the Rosette Nebula this filament would be ∼1.5 wide which corresponds well with the width of the bright rims in the Rosette Nebula globulettes. Compiègne et al. (2007) used the IRS spectrograph (5.2-38 µm) onboard Spitzer and detected PAHs and rotational H 2 0-0 S(4) to S(0) lines at the PDR, and some of the rotational H 2 and PAH lines further inside the cloud.
The physical situation in the Rosette Nebula is probably very similar to the Eagle and Horsehead Nebulae. The results from those suggest that the globulettes, trunks, and shells in the Rosette Nebula contain both H 2 and PAHs even though their detailed distribution in the Rosette Nebula cannot be probed with the data presented here.
Summary and Conclusions
We have used new NIR broad-and narrow-band images to study the shells, elephant trunks, and globulettes in the NW quadrant of the Rosette Nebula. We catalog the H 2 2.12 µm and Pβ detections in the globulettes. We compute the surface brightness for the rims and cores of some globulettes. A visual extinction map and globulette mass estimates have been made. Additionally, we used archive data from the Spitzer and Herschel satellites. These are used to search for young pre-main-sequence stars, estimate PAH contribution to the surface brightness, map the IR emission from the elephant trunks and other shell features, and get a general view of the Rosette Nebula shell.
-The majority of the smallest globulettes discovered in an optical survey (G07) can be detected in NIR via surface brightness in H 2 1-0 S(1) 2.12 µm line, but they are too small to be studied in detail. Some of the larger globulettes, trunks, and parts of the shell appear dark against the Pβ background emission. The 160 µm dust thermal emission corresponds well with these areas, confirming that they have dense cores. The globulette sizes in the NIR and Hα images suggest that the density is high already at the outer edge of the globulettes as was also concluded from molecular line data in G13. A survey of stars seen behind globulettes show typical number densities to be n(H 2 ) = a few ×10 −4 cm −3 . The masses estimated from this indicate that the larger globulettes contain more mass than estimated in the optical survey, but confirms that the globulette masses are subsolar.
-About one-third of the core surface brightness (0.26±0.02) and rim brightness (0.30±0.01) observed in Ks is caused by the H 2 1-0 S(1) line, and the remaining two-thirds are from other emission lines. These values suggest that fluorescent H 2 excitation and not shock excitation is the cause of observed H 2 2.12 µm emission in the bright rims seen in most globulettes and trunks. -IRAC observations suggest that the trunks and globulettes contain also PAHs like a typical PDR. In addition to the shell features and trunks seen in the NIR images, the MIPS and PACS images also trace dust emission from the remote side of the Rosette Nebula. -Two globulettes/trunks out of the detected 84 contain YSOs.
The eastern jaw of the Claw contains two YSOs separated by 3.6 . The fainter is not detected in the SOFI images, and the brighter is listed in the Spitzer EIP catalog as SST-SLP J063139.53+051122.1. The YSO classes cannot be determined accurately due to the uncertainty in the amount of foreground A V . RN 129 contains the star SSTGLMC G206.1127-01.8542 that is not detected in the SOFI images. Its Spitzer colors indicate that it is a class 0/I YSO.
Future work
High-resolution NIR spectroscopy of the globulette rims is needed to determine which lines contribute to the bright rims.
The n H of the globulettes and the UV field present in the Rosette Nebula could be determined using ratios of the fluorescent H 2 lines. The contribution of PAHs can also be evaluated via spectroscopy. More detailed, better sensitivity and spatial resolution observations of the globulettes and YSOs will give deeper insight on the star or brown dwarf/free-floating planet formation in globulettes. 
